Granular Flow Impact Forces on Protection Structures: MPM Numerical Simulations with Different Constitutive Models  by Ceccato, Francesca & Simonini, Paolo
 Procedia Engineering  158 ( 2016 )  164 – 169 
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under the responsibility of the organizing and scientific committees of CNRIG2016
doi: 10.1016/j.proeng.2016.08.423 
ScienceDirect
Available online at www.sciencedirect.com
9,,7$/,$1&21)(5(1&(2)5(6($5&+(56,1*(27(&+1,&$/(1*,1((5,1*±
*HRWHFKQLFDO(QJLQHHULQJLQ0XOWLGLVFLSOLQDU\5HVHDUFKIURP0LFURVFDOHWR5HJLRQDO6FDOH
&15,*
*UDQXODUIORZLPSDFWIRUFHVRQSURWHFWLRQVWUXFWXUHV030
QXPHULFDOVLPXODWLRQVZLWKGLIIHUHQWFRQVWLWXWLYHPRGHOV
)UDQFHVFD&HFFDWRD3DROR6LPRQLQLD
D',&($YLD2JQLVVDQWL3DGRYD,WDO\
$EVWUDFW
)ORZVRIJUDQXODUPDWHULDOVDUHDPRQJWKHPRVWGHVWUXFWLYHRIDOOODQGVOLGHSKHQRPHQD7KHDVVHVVPHQWRIWKHSRWHQWLDOGDPDJH
FDXVHGE\WKHJUDQXODUIORZDQGWKHGHVLJQRISURWHFWLRQVWUXFWXUHVUHTXLUHWKHNQRZOHGJHRIWKHODQGVOLGHVWUXFWXUHLQWHUDFWLRQ
1XPHULFDOVLPXODWLRQVRIWKHVHSKHQRPHQDDUHYHU\FRPSOH[EHFDXVHODUJHGLVSODFHPHQWVVRLOVWUXFWXUHLQWHUDFWLRQDQGFRPSOH[
QRQOLQHDUVRLOEHKDYLRUKDYHWREHFRQVLGHUHG$NH\LVVXHLQWKHVLPXODWLRQRIWKHVHSKHQRPHQDLVWKHGHILQLWLRQRIDFRQVWLWXWLYH
PRGHODEOHWRGHVFULEHWKHJUDQXODUPDWHULDOUHVSRQVHXQGHUDZLGHUDQJHRIVWUDLQUDWHV7KLVVWXG\H[DPLQHVDQGFRPSDUHVWKH
UHVXOWVREWDLQHGE\GLIIHUHQWFRQVWLWXWLYHPRGHOVQDPHO\WKHHODVWLFSHUIHFWO\SODVWLFPRGHOZLWK0RKU&RXORPEIDLOXUHFULWHULRQ
DQGWKHYLVFRSODVWLFPRGHOZLWK'UXFNHU3UDJHU\LHOGLQJFRQGLWLRQ7RWKLVDLPZHFRQVLGHUDILQLWHYROXPHRIJUDQXODUPDWHULDO
LQVWDQWDQHRXVO\UHOHDVHGIURPWKHWRSRIDQLQFOLQHGFKDQQHOWKHPDWHULDOIORZVGRZQVORSHDQGEXPSVDULJLGZDOORQZKLFKWKH
IRUFHVDUHPHDVXUHG
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJDQGVFLHQWLILFFRPPLWWHHVRI&15,*
.H\ZRUGV030LPSDFWIRUFHVJUDQXODUIORZVFRQVWLWXWLYHPRGHO
,QWURGXFWLRQ
/DQGVOLGHVDUHRQHRIWKHPDMRUQDWXUDOKD]DUGZRUOGZLGHHVSHFLDOO\LQPRXQWDLQRXVDQGFRDVWDOUHJLRQ7RDVVHVV
WKHSRWHQWLDOGDPDJHFDXVHGE\DODQGVOLGHWRH[LVWLQJVWUXFWXUHVDQGWRGHVLJQSURWHFWLRQPHDVXUHVWKHNQRZOHGJH


&RUUHVSRQGLQJDXWKRU7HO
(PDLODGGUHVVIUDQFHVFDFHFFDWR#GLFHDXQLSGLW
© 2016 The Authors. Published by lsevier td. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under the responsibility of the organizing and scientific committees of CNRIG2016
165 Francesca Ceccato and Paolo Simonini /  Procedia Engineering  158 ( 2016 )  164 – 169 
RIIDLOXUHPHFKDQLVPVODQGVOLGHSDWWHUQVDQGLPSDFWIRUFHVDUHQHFHVVDU\,PSDFWIRUFHVDUHFXUUHQWO\HVWLPDWHGZLWK
VLPSOLILHGDSSURDFKHVDV IXQFWLRQRIYHORFLW\GHQVLW\DQG WKLFNQHVVRI WKH IORZGLVUHJDUGLQJ WKH UHDOPHFKDQLFDO
UHVSRQVHRIWKHPDWHULDO6LPXODWLQJWKHODQGVOLGHIURPWKHLQLWLDWLRQWRWKHLPSDFWZRXOGEHXVHIXOIRUVDIHDQGFRVW
HIIHFWLYHGHVLJQRISURWHFWLRQPHDVXUHVEXWLWLVDYHU\FKDOOHQJLQJWDVNEHFDXVHWKHQXPHULFDODSSURDFKKDVWREH
FDSDEOHRIGHDOLQJZLWKODUJHGLVSODFHPHQWVVRLOVWUXFWXUHLQWHUDFWLRQDQGDUDWKHUFRPSOH[PHFKDQLFDOUHVSRQVHRI
WKHPDWHULDO
$NH\LVVXHIRUWKHVWXG\RIIORZOLNHODQGVOLGHLVWKHLPSOHPHQWDWLRQRIDVXLWDEOHFRQVWLWXWLYHPRGHO7KHGHEDWH
DURXQG WKHPRVWDSSURSULDWHFRQVWLWXWLYHHTXDWLRQIRUGHVFULELQJJHRSK\VLFDO IORZV LVVWLOODFWLYH>@3DUWRI WKH
VFLHQWLILF FRPPXQLW\ XVHV VRLOPHFKDQLFV FRQFHSWV HODVWRSODVWLFLW\ >@ZKLOH DQRWKHU SDUW SUHIHUV YLVFRSODVWLF
PRGHOV>@DQGRWKHUVSURYLGHSKHQRPHQRORJLFDOFRQVWLWXWLYHHTXDWLRQVPHUJLQJVROLGDQGIOXLGPHFKDQLFVFRQFHSWV
>@7KHDLPRIWKLVSDSHULVWRFRPSDUHWKHUHVXOWVREWDLQHGZLWKGLIIHUHQWFRQVWLWXWLYHPRGHOVLQVLPXODWLQJWKHLPSDFW
RIDGU\JUDQXODUIORZRQDULJLGEDUULHU7KHHODVWLFSHUIHFWO\SODVWLFPRGHOZLWKD0RKU&RXORPEIDLOXUHFULWHULRQ
DQGWKHYLVFRSODVWLFPRGHOIRUIULFWLRQDOIOXLGVZLWK'UXFNHU3UDJHU\LHOGLQJVXUIDFHDUHDSSOLHG$VDOUHDG\SRLQWHG
RXWWKHSKHQRPHQRQLVYHU\FRPSOH[DQGDPXOWLWXGHRIDVSHFWVVKRXOGEHFRQVLGHUHGKRZHYHUWKLVSDSHULVOLPLWHG
WRWKHDQDO\VHVRIWKHLPSDFWIRUFHV
7KHH[SHULPHQWDOH[SHULHQFHSUHVHQWHGLQ>@LVFRQVLGHUHG,QWKHODERUDWRU\WHVWVORRVH7R\RXUDVDQGLVLQVWDQWO\
UHOHDVHGIURPWKHWRSRIDFKXWHLWDFFHOHUDWHVIORZLQJGRZQWKHVORSHDQGLPSDFWVDFPKLJKZDOORQZKLFKWKH
LPSDFWIRUFHLVPHDVXUHG7KHLQFOLQDWLRQRIWKHFKDQQHOYDULHVEHWZHHQDQG
7KH0DWHULDO3RLQW0HWKRG030LVXVHGLQWKLVVWXG\WRFDSWXUHWKH ODUJHGHIRUPDWLRQVWKDWFKDUDFWHUL]HWKH
SKHQRPHQRQ,W LVDFRQWLQXXPEDVHG/DJUDQJLDQPHWKRGZKLFKVLPXODWHVODUJHGLVSODFHPHQWVE\PDWHULDOSRLQWV
03VPRYLQJWKURXJKDIL[JULG>@7KH030FRGHXVHGLQWKLVVWXG\$QXUD'LVEHLQJGHYHORSHGWRVROYH'
G\QDPLFODUJHGHIRUPDWLRQSUREOHPVLQJHRWHFKQLFDOHQJLQHHULQJ>@DQGLWKDVEHHQVXFFHVVIXOO\DSSOLHGLQDQXPEHU
RIDSSOLFDWLRQVVXFKDVVORSHFROODSVHDQGVRLOSHQHWUDWLRQSUREOHPV>@
&RQVWLWXWLYHPRGHOV
7KLV VWXG\FRQVLGHUVDQHODVWLFSHUIHFWO\SODVWLFPRGHOZLWK0RKU&RXORPE IDLOXUHFULWHULRQDQGDYLVFRSODVWLF
PRGHO ZLWK 'UXFNHU3UDJHU \LHOG FULWHULRQ (ODVWRSODVWLF PRGHOV VKRZHG WR EH DEOH WR FDSWXUH WKH UXQRXW RI GU\
JUDQXODUIORZV>@DQGZHUHDOVRDSSOLHGWRVWXG\WKHLPSDFWRIVQRZDYDODQFKHVRQVWUXFWXUHV>@9LVFRSODVWLF
FRQVWLWXWLYHODZVKDYHEHHQRIWHQDSSOLHGWRVLPXODWHWKHSURSDJDWLRQRIVDWXUDWHGVRLOPL[WXUHV>@EXWDOVRRI
GU\GHQVHJUDQXODUIORZV>@
%RWKPRGHOVDVVXPHWKDW WKHPDWHULDOEHKDYHVHODVWLFDOO\XSWRD\LHOGLQJFRQGLWLRQZKLFKLVDIXQFWLRQRIWKH
VWUHVVVWDWHDQGWKHQLWVWDUWVWRIORZDFFXPXODWLQJLUUHYHUVLEOHSODVWLFGHIRUPDWLRQV1RYROXPHWULFGHIRUPDWLRQVDUH
LQGXFHGE\VKHDULQJLHGLODWDQF\LV]HUR,QWKHHODVWRSODVWLFGHVFULSWLRQWKHVKHDUVWUHVVLVLQGHSHQGHQWRIWKHVKHDU
UDWHLQFRQWUDVWWKHYLVFRSODVWLFPRGHODVVXPHVWKDWWKHVKHDUVWUHVVLVDOLQHDUIXQFWLRQRIWKHVKHDUUDWH
:LWKWKHYLVFRSODVWLFDSSURDFKZKHQWKHPDWHULDO\LHOGVIRUHDFKWLPHVWHSWKHVWUHVVWHQVRUVLVXSGDWHGZLWK
࣌ ൌ ሺ݌ ൅ ܭοߝ௩௢௟ሻ૚ ൅ ʹߤ௘௙௙ࡰ  
ZKHUH PHDQHIIHFWLYHVWUHVV. EXONPRGXOXVοɂ୴୭୪ YROXPHWULFVWUDLQLQFUHPHQW GHYLDWRULFVWUDLQUDWHWHQVRU
DQGPHII HIIHFWLYHYLVFRVLW\ZKLFKLVGHILQHGDV
ߤ௘௙௙ ൌ ൝
ߤௗ ൅ ఛ೤ԡࡰԡ IRUߤ௘௙௙ߤ௠௔௫
ߤ௠௔௫ IRUߤ௘௙௙ߤ௠௔௫
  
ZKHUHW\LVWKH\LHOGVWUHVVZKLFKLVDIXQFWLRQRIWKHIULFWLRQDQJOHDQGWKHVWUHVVVWDWHDFFRUGLQJWRWKH'UXFNHU
3UDJHUFRQGLWLRQԡࡰԡLVWKHQRUPRIWKHGHYLDWRULFVWUDLQUDWHWHQVRUDQGߤ௠௔௫ ൌ ͳͲଵ଴ܲܽݏLVDERXQGIRUWKHDSSDUHQW
YLVFRVLW\ZKLFKSUHYHQWVLQILQLWHYDOXHVZKHQWKHVKHDUUDWHYDQLVKHVPGLVWKHYLVFRVLW\ZKLFKLVDVVXPHGFRQVWDQW
WKURXJKRXWWKHFRPSXWDWLRQLQUHDOLW\LQGHQVHJUDQXODUIORZVLWLVGHSHQGHQWRQVKHDUUDWHDQGSUHVVXUH>@EXW
166   Francesca Ceccato and Paolo Simonini /  Procedia Engineering  158 ( 2016 )  164 – 169 
WKLVZLOOEHFRQVLGHUHGLQIXWXUHGHYHORSPHQWVRIWKHUHVHDUFK1RWHWKDWPDWHULDOFRPSUHVVLELOLW\LVWDNHQLQWRDFFRXQW
E\WKHEXONPRGXOXV.
'HVFULSWLRQRIWKHQXPHULFDOPRGHO
7KHJHRPHWU\RIWKHPRGHOIROORZVWKHVPDOOVFDOHODERUDWRU\H[SHULPHQWVE\>@$ER[RIVDQGLVSODFHGDWWKH
WRSRIDFPZLGHLQFOLQHGFKDQQHOZKRVHVORSHYDULHVEHWZHHQDQG7KHPDWHULDOLVLQVWDQWO\UHOHDVHGDQG
LWKLWVDFPKLJKZDOOSRVLWLRQHGFPGRZQVORSHRQZKLFKWKHLPSDFWIRUFHVDUHPHDVXUHG7KHJHRPHWU\DQG
GLVFUHWL]DWLRQRI WKHQXPHULFDOPRGHO DUH VKRZQ LQ)LJ 6LQFH WKHSUREOHP LV ELGLPHQVLRQDO WKHZLGWKRI WKH
QXPHULFDOPRGHOLVRQO\FPZKLFKUHGXFHVWKHFRPSXWDWLRQDOFRVW7KHEDVHRIWKHFKXWHLVIXOO\IL[HGDQGUROOHU
ERXQGDU\FRQGLWLRQVDUHSUHVFULEHGDWWKHRWKHUVXUIDFHVWKHZDOOLVVPRRWK7KHFRPSXWDWLRQDOPHVKLVUHILQHGZKHUH
KLJKVWUHVVDQGGHIRUPDWLRQJUDGLHQWVDUHH[SHFWHGHJDORQJWKHVOLGLQJSODQHDQGWKHIDFHRIWKHZDOO03VDUH
LQLWLDOO\ SODFHG LQVLGH HDFK VDQG HOHPHQW LQVLGH WKH ER[7KH RSWLPDO GLVFUHWL]DWLRQ KDV EHHQ GHWHUPLQHG WKURXJK
SUHOLPLQDU\DQDO\VHVDVDFRPSURPLVHEHWZHHQDFFXUDF\DQGFRPSXWDWLRQDOFRVW
'U\7R\RXUDVDQGLVXVHGLQWKHH[SHULPHQWVWKHEXONGHQVLW\LVNJP7KHFRQVWLWXWLYHSDUDPHWHUVXVHGIRU
WKHWZRFRQVLGHUHGPRGHOVDUHVXPPDUL]HGLQ7DEOH7KH\DUHFKRVHQZLWKLQDUHDVRQDEOHUDQJHRIYDOXHVIRUWKLV
PDWHULDOLQVXFKDZD\WKDWWKHUHVSRQVHLVDVVLPLODUDVSRVVLEOHWRWKHH[SHULPHQWVIRUYDULRXVVORSHLQFOLQDWLRQV


)LJ*HRPHWU\DQGGLVFUHWL]DWLRQRIWKHQXPHULFDOPRGHO
7DEOH&RQVWLWXWLYHSDUDPHWHUV
(ODVWRSODVWLF 9LVFRSODVWLF
<RXQJPRGXOXV( N3D %XONPRGXOXV. 
3RLVVRQ¶VUDWLRQ  )ULFWLRQDQJOHM 
)ULFWLRQDQJOHM  9LVFRVLW\P 3DV
1XPHULFDOUHVXOWV
'HWHUPLQLQJWKHLQSXWSDUDPHWHUVRIWKHVHFRQVWLWXWLYHPRGHOVIRUDJUDQXODUIORZLVGLIILFXOW,QGHHGZKLOHWKH
IULFWLRQDQJOHDQGWKH<RXQJPRGXOXVDUHHDV\WRGHILQHLQTXDVLVWDWLFFRQGLWLRQVWKLVLVQRWWUXHIRUJUDQXODUIORZV
ZKHUHWKHLUUROHLQWKHG\QDPLFVRIWKHODQGVOLGHLVVWLOOXQFOHDU6LPLODUO\ZKLOHWKHLPSRUWDQFHRIYLVFRVLW\LVZHOO
XQGHUVWRRG LQ 1HZWRQLDQ IOXLGV LW LV HYLGHQW WKDW VRLO LV D FRPSOHWHO\ GLIIHUHQW PDWHULDO $ SDUDPHWULF VWXG\ LV
167 Francesca Ceccato and Paolo Simonini /  Procedia Engineering  158 ( 2016 )  164 – 169 
SUHOLPLQDU\SHUIRUPHGWRFODULI\WKHHIIHFWRIWKHLQSXWSDUDPHWHUV6HF'HVSLWHWKHGLIILFXOWLHVLQFDOLEUDWLQJWKH
PRGHOVDFRPSDULVRQLQWHUPVRILPSDFWIRUFHVLVSUHVHQWHGLQ6HFWLRQ
3DUDPHWULFVWXG\
7KLVVHFWLRQVKRZVWKHHIIHFWRIWKHLQSXWSDUDPHWHUVRIWKHFRQVLGHUHGFRQVWLWXWLYHPRGHOVRQWKHLPSDFWIRUFHVLQ
FDVHRIDVORSHLQFOLQDWLRQT 6LPLODUHIIHFWVDUHREVHUYHGZLWKGLIIHUHQWVORSHLQFOLQDWLRQV
)LJVKRZVWKHHIIHFWRIIULFWLRQDQJOH<RXQJPRGXOXVDQG3RLVVRQ¶VUDWLRRIWKHHODVWRSODVWLFPRGHORQWKHIRUFH
HYROXWLRQZLWKWLPH,QFUHDVLQJWKHIULFWLRQDQJOHWKHIULFWLRQRQWKHVOLGLQJVXUIDFHLQFUHDVHVWKXVDODUJHUDPRXQWRI
HQHUJ\LVGLVVLSDWHGDQGWKHLPSDFWYHORFLW\GHFUHDVHVUHVXOWLQJLQDORZHUSHDNIRUFH:KHQWKHJUDQXODUIORZPHHWV
WKHZDOOLWLVGHYLDWHGXSZDUGVSDUWRIWKHPDWHULDOSDVVHVEH\RQGWKHZDOOZKLOHSDUWVWRSVLQIURQWRIWKHZDOOIRUPLQJ
DGHDG]RQH,QFUHDVLQJWKHIULFWLRQDQJOHOHVVPDWHULDORYHUSDVVHVWKHZDOOWKXVWKHSRVWSHDNIRUFHZKLFKGHSHQGV
RQWKHPDVVRIPDWHULDOGHSRVLWHGLQIURQWRIWKHREVWUXFWLRQLQFUHDVHV,QWKHUDQJHRIYDOXHVRI<RXQJPRGXOXVDQG
3RLVVRQ¶VUDWLRZKLFKLVFRQVLGHUHGUHDVRQDEOHIRUORRVHVDQGDWORZVWUHVVWKHSHDNIRUFHYDULHVRQO\VOLJKWO\
7KHHIIHFWRIIULFWLRQDQJOHDQGYLVFRVLW\RIWKHYLVFRSODVWLFPRGHODUHVKRZQLQ)LJ,QFRQWUDVWZLWKZKDWLV
REVHUYHGZLWKWKHHODVWRSODVWLFPRGHOLQWKLVFDVHWKHIULFWLRQDQJOHGRHVQRWFKDQJHVLJQLILFDQWO\WKHLPSDFWIRUFH
0RUHLPSRUWDQWLVWKHYLVFRVLW\ZKLFKDIIHFWVWKHYHORFLW\WKHWKLFNQHVVDQGWKHIURQWLQFOLQDWLRQRIWKHIORZDWWKH
LPSDFW,QFUHDVLQJWKHYLVFRVLW\WKHYHORFLW\GHFUHDVHVZKLOHWKHIORZWKLFNQHVVDQGIURQWLQFOLQDWLRQLQFUHDVHWKHVH
IDFWRUVKDYHRSSRVLWHHIIHFWVRQWKHSHDNIRUFHEXWLQWKLVFDVHWKHUHGXFWLRQRIYHORFLW\SUHYDLOVWKXVUHVXOWLQJLQD
GHFUHDVHRILPSDFWIRUFHVZLWKLQFUHDVLQJYLVFRVLW\7KHEXONPRGXOXVGRHVQRWLQIOXHQFHVLJQLILFDQWO\WKHIRUFHV


)LJ)RUFHHYROXWLRQREWDLQHGZLWKWKHHODVWRSODVWLFPRGHODHIIHFWRIIULFWLRQDQJOHEHIIHFWRI<RXQJPRGXOXVFHIIHFWRI3RLVVRQ¶VUDWLR

)LJ)RUFHHYROXWLRQREWDLQHGZLWKWKHYLVFRSODVWLFPRGHODHIIHFWRIIULFWLRQDQJOHEHIIHFWRIYLVFRVLW\
168   Francesca Ceccato and Paolo Simonini /  Procedia Engineering  158 ( 2016 )  164 – 169 
&RPSDULVRQV
7KHIRUFHHYROXWLRQREWDLQHGZLWKWKHHODVWRSODVWLFDQGWKHYLVFRSODVWLFPRGHOIRUWKHFRQVWLWXWLYHSDUDPHWHURI
7DEOHDUHVKRZQLQ)LJ,QRUGHUWRFRPSDUHWKHUHVXOWVZLWKWKHH[SHULPHQWVWKHQXPHULFDOYDOXHVREWDLQHGIRU
DPRGHOZLGWKRIFPDUHVFDOHGWRDZLGWKRIFP%RWKPRGHOVSUHGLFWDUDSLGLQFUHDVHRIWKHIRUFHXSWRDSHDN
IROORZHG E\ D UHGXFWLRQ WR D TXDVLVWDWLF YDOXH 7KLV UHVSRQVH LV TXDOLWDWLYHO\ VLPLODU WR WKH RQH REVHUYHG LQ WKH
H[SHULPHQWV
:KHQXVLQJWKHHODVWRSODVWLFPRGHOIRUT DQGDIWHUWKHSHDNWKHIRUFHILUVWGHFUHDVHVDQGWKHQLQFUHDVHV
DJDLQ WKLVSKHQRPHQRQ LVGXH WR WKH LQWHUDFWLRQRIFRPSUHVVLYHZDYHVJHQHUDWHGE\ WKH LPSDFWZLWKERXQGDULHV
>@ WKDW GR QRW GLVVLSDWH TXLFNO\ ZLWK WKH HODVWRSODVWLF PRGHO 7KH TXDVLVWDWLF IRUFH GHSHQGV RQ WKH VORSH
LQFOLQDWLRQLQFRQWUDVWLWLVQHDUO\LQGHSHQGHQWRQTZLWKWKHYLVFRSODVWLFPRGHOZKLFKDJUHHVZLWKWKHH[SHULPHQWDO
REVHUYDWLRQV7KHSHDNIRUFHYDOXHVREWDLQHGZLWKWKHHODVWRSODVWLFPRGHODQGWKHYLVFRSODVWLFPRGHODUHVLPLODUEXW
WKH\RYHUHVWLPDWHVWKHH[SHULPHQWDOREVHUYDWLRQV


)LJ)RUFHHYROXWLRQREWDLQHGZLWKDHODVWRSODVWLFPRGHOEYLVFRSODVWLFPRGHOFH[SHULPHQWDOUHVXOWVE\>@
'LVFXVVLRQDQGFRQFOXVLRQV
7KLVSDSHUFRQVLGHUVWKHSURSDJDWLRQRIDGU\VDQGIORZGRZQDFKXWHDQGLWVLPSDFWRQDULJLGZDOO7KHLPSDFW
IRUFHVREWDLQHGZLWKWZRRIWKHPRVWFRPPRQFRQVWLWXWLYHPRGHOVIRUJUDQXODUIORZVDUHFRPSDUHGQDPHO\WKHHODVWLF
SHUIHFWO\SODVWLFPRGHOZLWK0RKU&RXORPEIDLOXUHFULWHULRQDQGWKHYLVFRSODVWLFPRGHOZLWK'UXFNHU3UDJHU\LHOG
FRQGLWLRQDQGFRQVWDQWYLVFRVLW\
7KHLPSDFWIRUFHVGHSHQGRQDQXPEHURIIDFWRUVVXFKDVIORZYHORFLW\IORZWKLFNHQVPDWHULDOUHVSRQVHDWWKH
LPSDFW DQG VR RQ7KHVH IDFWRUV DUH FRUUHODWHG DQG VWURQJO\ LQIOXHQFHG E\ WKH FRQVWLWXWLYHPRGHO$Q H[KDXVWLYH
FRPSDULVRQ FRYHULQJ DOO WKHVH DVSHFWV FDQQRW EHSUHVHQWHG LQ WKLV SDSHUZKLFKKRZHYHUJLYHV DQ LQVLJKW WR WKH
SUREOHP
7KHIULFWLRQDQJOHJRYHUQVWKHUHVSRQVHRIWKHHODVWRSODVWLFPRGHOLQFRQWUDVWWKHYLVFRVLW\LVWKHPRVWLPSRUWDQW
SDUDPHWHURIWKHYLVFRSODVWLFPRGHO:KLOHWKHIULFWLRQDQJOHDQGWKHHODVWLFSDUDPHWHUVDUHVLPSOHWRHVWLPDWHLQVWDWLF
FRQGLWLRQV IRU D JUDQXODU IORZ WKH\ DUH YHU\ GLIILFXOW WR JXHVV EHFDXVH WKH\ GR QRW FOHDUO\ UHSUHVHQWPHDVXUDEOH
SURSHUWLHVRIWKHPDWHULDODQGWKH\GHSHQGRQWKHVWDWHRIPRWLRQ7KLVUHQGHUVWKHSUDFWLFDODSSOLFDWLRQRIWKHVHPRGHOV
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